Abstract. The mechanisms of interdecadal changes of El NifioSouthern Oscillation (ENSO) modes are examined through an eigen analysis of a simple coupled ocean-atmosphere model. It is shown that the observed interdecadal climate shift can effectively modify the strength of two major coupled feedbacks for the ENSO mode, namely, the zonal advection and thermocline feedbacks. These modifications lead to quantitative changes of the leading coupled mode in its frequency, growth rate, and spatial pattern, which are consistent with the observation.
Introduction
The remarkable interdecadal climate shift in the late 1970's has been observed and reported [Nitta and Yamada, 1989; Zhang and Levitus, 1997 ]. This climate shift had a significant impact on ENSO onset [Wang, 1995] and ENSO predictability of the coupled ocean-atmosphere model [Balmaseda et al., 1995] . Many hypotheses have been proposed to explain the origin of the decadal variability in ENSO behavior [Barnett et al., 1999] . However, the linkage between the interdecadal changes of ENSO characteristics and the basic climate state has not been carefully explained.
The period and amplitude of ENSO as shown in [2000] indicated that such period and amplitude changes in ENSO were accompanied by a significant change in the structure of the ENSO mode. As shown in Fig. 2 , ENSO zonal wind anomalies in the equatorial region were shifted eastward during the second decade. Through the numerical experiment, An and Wang demonstrated that there is a robust relationship between the oscillation period and the structure of ENSO mode. However, the dynamical interpretation of such a relationship still remains ambiguous. Thus, we here investigate the interdecadal change of ENSO modes within the framework of the equatorial recharge oscillator model [Jin, 1997a, b; Jin and An, 1999] , which provides a prototype for discussing how the ENSO mode is changed by a different basic state.
A coupled model
A stripped-down simple linear coupled system with both subsurface ocean adjustment dynamics and surface-layer sea The changes in these parameters derived from the data reflect the observed wind stress and SST changes. For instance, the observed SST warming from decade I to decade II in the central/eastern Pacific is responsible for the reduction in the zonal SST gradient. The increase of easterly wind in the tropical eastern Pacific from decades I to II induced the anomalous upwelling in that area through the Ekman pumping. It is also should be pointed out that due to the data availability in the two decadal periods, the calculation of 7o differs slightly from that for other parameters but we do not expect that this will affect the main results in this study.
Results
The linear eigen solutions of the two-strip coupled model are calculated numerically with a high resolution in x (50 grid points). In this calculation, two parameter sets are used, which damping by the mean upwelling has been known as being nearly compensated by Ekman feedback [Jin, 1998 ]. Therefore, for simplicity, we assume that the collective damping coefficient oeT in Eq. (3) is not changed during the two decades. The leading eigenvalues over a range of the coupling coefficient, 0.025 < !.t < 0.65 for the two sets of basic states associated with decades I and II are shown in Fig. 3 . In each case, there is a weakly unstable and low-frequency regime, which earlier was referred to as the mixed oscillator mode or the recharge oscillator mode regime [Jin, 1996 [Jin, , 1997a . This ENSO mode for the case of decade I (Fig. 3a) can be traced to the free ocean basin mode as indicated at point B, while for the case of decade II (Fig. 3b) it is originated from the merging of the nonoscillatory SST mode and the ocean adjustment mode as indicated at point M.
The SST and wind stress anomaly patterns are shown in Fig. 4 from the eigenvectors for the coupling coefficient IX--0.45, indicated in Fig. 3 by the arrows. The corresponding periods of eigenvectors for decades I and II are 29 and 50 months, respectively. These differences in period are larger than but still consistent with the observation (Fig. 1) . Moreover, the growth rate for decade II indicates a weakly unstable mode, while the growth rate for decade I indicates a weakly damped mode, which is also consistent with the observation in the sense that ENSO during decade II is relatively stronger. The SST anomaly associated with the eigenvector for decade I is slightly larger in the central Pacific and smaller in the eastern Pacific than those for decade II. In general the differences shown in Fig. 4 are relatively smaller than but consistent with the observation (Fig. 2) . The spatial pattern of zonal wind stress anomalies of the eigenvector for decade II is located by 8 degrees in longitude to the west of the corresponding pattern for decade II. The zonal position of nodes of the thermocline depth anomalies (Fig. 5) is also shifted westward from 170øW for decade I to 160øW for decade II.
Overall, the interdecadal change of ENSO mode during the two decades is consistent with observations [An and Wang, 2000] in terms of the frequency, growth rate, and spatial patterns.
Smmnary
The evident interdecadal changes in the ENSO mode are examined through the eigen analysis of the prototype air-sea coupled model. It is demonstrated that the interdecadal changes in the structure, period, and intensity of ENSO result from the observed decadal changes in the basic states. With the rather moderate changes in basic state, the leading ENSO mode in the simple model exhibits sizeable changes in its characteristics. This sensitivity is largely due to the modification of the competition of the two leading feedback mechanisms in the ENSO mode, the zonal advection and thermocline feedbacks. On one hand, the thermocline feedback favors a low-frequency ENSO mode originating from the merging of the non-oscillatory SST mode and the ocean adjustment mode. On the other hand, the zonal advective feedback tends to destabilize the gravest ocean basin mode to form a higher frequency ENSO mode. For instance, from decade I to decade lI, the thermocline feedback strengthens, whereas the zonal advective feedback weakens; this makes the 
